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1.0 I NTRODUCTI ON

Timber harvesting with gr_o‘und_-based eguipment
nec'essitates tlj'ej éohs_ﬁrucltidh of '.ski-ﬂ .to;ads and‘ 1andin.g.s,”
which by 'alteti_ng"js',oill characteristics can advetrsely affect
site productivity. The removal of nutrient-rich sutface
soil horizlons dt'ar'aat'ic'a.-ll'y'lowers site nutrient Eapiita'l,
. particularly of nilr{:rOQen and phosphorus {(Arnott et al. ].938,

Carr 1987b). Ad'ditibnall_'y, the ,_'res_idua_l EETI TS

- thege® “mayrhe

19-11&!:»dueaztewsoaiﬂc@mpa{ctmn

and/or the exposing of high deﬁsri'ty subsoil. Higher soil

PS4 (Greacan
and Sands 1986¢). The result of soil scalping and high

residual soil density is often d

(Arnott et al, 1988, Carr "1'987Ib, Froehlich 1979, Jakobsen
1983, Perry 1964, Wert and Thomas 1981). o
In _geneiél,: 'land'i._n'gs may o_ccu'i)y 3 to 5% of .cui':OVer_
iand, while the area in skid roads and 'ékid trails may range
from 10% to 1n ,_excﬁe..ss _'lof_‘ 39%. The poien_tial for teduced
site productivityr.orn this édrti‘&n_ of c.'-lilto'ver.land may have
severe economic_-'-impli‘c_at?—i'énsl7i-n“'th.é future (Ut;.zi-g' and
Wélmsley 1988} . _-Ch_ahges in ha-rvc-es'ting" éysi:ems' :and -lay-oﬁt

can reduce the area p‘éte'ntiaily degraded -bY"grou'nd-ba'sed




lroggi_ng. Howéve;, so0il .r.eha_t;ili,tati-o_‘n presents' the 6nly
post-logging bpt_ion_ fof mi-nimizing-(;_thg prdductivity impacts.

Soil rehabilitatiun guidelines, primarily directéd at
landings, exist in‘all.phe-lnterior‘f§rest,regions. .A key

component of this FEWABITL f?i?ﬁsizng' (or tillage) of

a@epthénf aﬂcm. (&he tillage 1mplements

commonly used in Br1t1sh Columbia are brush blades and rock

rippers.

1mjgg,em&nt,swere mfounds-towberfarfron  satiefactoty
g%%gm@@ggﬁgnmwfﬁg.p:pfile_shatter_during an eéaluatidn of
-landing‘rehabilitationractivitiésfin,the Ptince Gebrge East
Forest District (Carr 1985, unpublished contract report).

The development of a new soil tillage implement for
forestry application, the self-drafting winged subsoiler by
Tilth loc. (Montoe, Oregon), has stimdlated considerable
interest among foresters in California, Oregon, Washington,
and British Columbia. Early test results from Oregon were
very‘positivg (Froehlich and Miles 1984). In 1985, the
Silviculture Branch (MOF) initiated_a limited trial of the
winged subsﬁiler on-iandings near Prince George. Evaluation
of the ripping effectiveness was éonducted in late 1985,
with continued monitoring in.l986 and 1988. The results of

this trial are presented in'this_reporﬁ.




2.8 OBJECTIVE

| The objectlve of the landing ripping trial conducted
by fhe 511v1cu1ture Branch was to prov1de an evaluatlon of
the tlllage effectlveness of the wlnged sub5011er in the
Prlnce George Forest Dlstrlct. (/The parameters ‘used ' in
defining tlllage efﬁgctlveqess ate: change in soijl bulk
density, deﬁgh and pattern of - soil shatter,_aﬁd tesidual
clod dist:ihutiﬁn (Andrus 1982} Evaluation of 1n1t1a1
tlllage effectlveness was followed by subsequent monitoting

of 5011 den31ty to assess potential soil reconsolldat1on.

3.6 scoer |

Due to budget limitations, only three landings were>
assessed from thé-inifial'éperational'tiilage trial. <These -
landings represented d1fferent So0il textures within the

study area. A further complication is that the evaluation

of tillage'effectiveheSS was initiated three mgnths after
the operatlon was. completed, which- may make comparlsons wlth
other studles d1ff1cult It mus: be  remembered that this
was a pilot program to ‘begin the evaluation of_the.winged

subsoiler, the use of which has expanded in both the Prince

George,'Cariboo, and Prince Rupert Forest Regions. Efforts
are being made to continue a monitoring program on all early

s0il tillage operations.




4.9 MATERIALS AND METHODS

4.1 Study Area N

In August 1985, the Silviculture B-réﬁ-ch (MOF'victotia)
contracted a 1ocal operator with a D-7 Caterp11ler tractor
to r1p varmus landings in the Pr;nce George Forest Dlsttict
" using a winged sub501ler supplled by Ed F1elds {Tiith Inc.,'
Monroe, Oregon)’. Of?these_landings, th;ee.were selected for
evaluation of tillage effectiveness. _.'T.hes.e are located on
_.t;he Beaver Forest I_{qad,_afpgro:_cimate_ly '45k|_1"1' .east of Pr'in_ce
George.  The selected len.di_ngs_ar:e_ #6 at 71k (a very
gravel'ly_ loam . to. s‘i:‘l_t-—ioam te_'xt,.ur,e, .with _appioximately 32%
coarse and 26 % ,f_i_,ne Qravel by weight), #7 at 72k {a very
gravelly silt-loam texture, with approximately” 24% coarse
and 28% fine -gravel by weight), and #29 at 59k (a silty clay

- to silty clayr‘ loam texture, with approximately 20% coarse

and 5% fine gravel by weight).

-4.2 . Sampling Procedures

On each- 1and1ng, three sampling iocétions were located

foz: monltorlng 5

hatsamplingof.paired. pon-tilled

(controld)—and: ‘ [11ed™ (subsoiled) soil was™ possible.  The
control areas were left untilled during the subsoiling
operation. . 'Soil density was initially me.asur.ed in 1985,
with follow-up assessment in 1986 and 1988. Soil shatter

profile and clod-size distribution were determined in 1985.




5011 bulk dens1ty was determlned u91ng a single-probe
nuclear dens:meter (Pa01f1c Campbell MC 1} with probe depths
at ldcm and 3@om. - Standard procedures were used for the

calculation of soil bulk density by the densimeter, which

was smbseﬁﬁéﬁi%ﬁ“E&%%éﬁﬁe@wimmmema&sewimﬂymenﬁeconeenhmxo_

soil density reassessment in 1986 and 1988 was conduoted

within 2m of the 1985 test locatlons.
| (Note:The earlier drafts of this report did - not
incorporate the eofrectioarofasoil density.for coarse
fragment content._ There‘is some question as to the more
appropriate presentatlon of 9011 den51ty data, therefore the
total soil den51ty data is presented in the appendix for
reference.). | ". " |

To evalﬁate'.the SOi}" shatter profile:ef the winged
subsoi}er,'a 2m long by 1m deep'trencht(petpeﬁdicular to the
direction of tipping)"Wasfescaﬁated esing'a baCkhoe'. The
[ace of the trench was trimmed a110w1ng for easy observatlon
of the zone of shatter. The shatter profile was traced on
@.003mm clear acetate mounted on a 1.75m x €.90wm plexiglass
"window". The tracing was latér'used‘to_determine minimum
and maximum tillage'dept@s; sbabe of tillage. pattern, and
percentage of-area affected'(based_on“aedesited,3acm roeting“

zZone) .




.Two,shovel—size-Samplee df 50i1 were temoved from the
:face cf -the excavated trench and 51eved to determine the_
resultlng clod-~ sxze d1str1but1on. This paremeter g1ves an
;ndlcat1oq of result;ng soil st;ucture'and aggregation. The
sieve siges 'used _wexe $8ﬁm, ésﬁm, 10mm, and 2Zmm. _ After
sieviné and weighing in the field, a subsemple of each was
-brought back. for soil'moisture énd rock content'correction.'

nna1y91s of ‘the so11 data from each . 1and1ng for
:1nd1v1dua1 years was- conducted using a t test Eot
meanlngfully palred samples. Eo; the flnal data_analy51s of
overall trends, analys;sacf4vatiacce using a /split-plot
- model for repeated meeguremeptg'wasvgsed; The main factors
- were block (landing) and treatment {tippedlor control). The
" split-plot factor was year of sampling. This type of
analysis is common in agriculture experimentation where
measurements are repeated over time on the same-plbts

(Little and Hills 1978).

~5.0 RESULTS AND DISCUSSION

5.1 S0il Bulk Density

Jgure'l,ﬂz, and 3). This




reduction, which'ranggq,frqm;13fﬁoQ24‘% in,thé_surface soil

layer and 7 to 22 % for the_oVexéiI profile, #pj

- Landing #6, the
coarsest soil textufé}-exhibited the greatest effect of soii
tillage. &smthéﬁ%oiﬁﬂEéxtaﬁéhhecamggdgﬁs;gp@f&eywﬁhﬂm
ovetrallimpactisofy the  tillage deciihed; ,“particvlarly on
Landing,#29. Sﬂiis%%ﬁﬁﬁﬁhsﬁsigniﬁicamtag&awebaconiantﬁmndw

coarsevibevturerea

demonstrates the need to eon51der SOil'féxture in the

plannlng of 5011 t111age operatlons.' One solutzon to this
problem may the use of a subsoiler w1ng pattetn that exerts
‘more force on the soil. -

The analysis-bf—variadéé'ihdicated'nbt only a
~significant landing'and treétmént‘éffeét, but also a
temporal nature to-thé efféétiﬁenesé of the decompaction.
The split—plot fab£of of yéaf was sigﬁifit%nt‘ét a 98% level
of confidence, and'inaicatéd a £ténd'E0Qardﬁsomé level of
_soillreconsolidétién:a s‘iiiﬁéﬁtated in F1gure 4 the
decrease in so11 den51ty‘ achleved by tlllage was greatest
immediately after tlllage, 24% in the soil surface and 17%
for the overall proflle. By i§8B} Eﬁé.dedteaéé in soil

density had fallen'té'19%“1n-théT§urface_layéf'and 13% for




_, Com_parisoﬁ._.'-61"";?50" densny over time
- between subsoiled and control areas on
landings in Prince George Forest District. -

~ LANDING #6

Surface Soil (0= 10cm)

- 20 : -

1.8
1.6
1.4

12 |
1.0

0.8
0.6

0.4

Soil Dehs-ity (g/lem3)

. Control
Subsoiler

0.2 |
0.0

1988

Soil Profile (0 —30cm). __
2.0
18 |
1.6
14 |
1.;2
1.0

0.8
o6
04 |

'Soil Density (g/cm?)

0.2 | % . | -
00 L B / s

198 1986 ' 1988

.--Control
% Subsoiler

Note: Dillerence belween subsoil and control areas is signilicant al 95% level of conlitlence,



,Cg_mpar'isonv Qf_'_.scjil; density over time |
between subsoiled and control areas on
landings in Prince George Forest District.

LANDING # 7

Surface Soll (0 < 10cmi)
2.0 |
1.8
1.6
1.4
1.2
1.0
0.8
0.6
0.4
=02 :
0.0 L -f N

- Soil Density {g/cm3)

a . Control |

A',?.Sub_soiler '

Soil Profile (0 - 30cm)
2.0
1.8
1.6

14
1.2
-1.0
0.8
0.6

Soil Density {(g/cm?8)

0.4 T T
--j;'__.COnlroi _

Subsoiler

0.2
0.0 L

1988

Nole: Di!fe_reﬁce be{Ween subsoil and conlrol areas is signilicant al. 95% level ol contidence.



. Comparison of soil density over time
- between subsoiled and control areas on
landings in Prince George Forest District.

'LANDING #29

Surface Soil (0 - 10cm)
2.0 o |
18 |
1.6

~Soil Density (g/¢m3)

- - : . ¢ontro!

| Subsoiter

Soil Density (g/cm?3)

M control
" B subsoiler

1986 | 1988

~Nole: Dilierence between subsoil and conlrol argas is significant al 95% level of confidence.
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The effect of sml reconsohdallon over
~ time based on percent reduction in soil
density between control and subsolled areas.

ALL LANDINGS
Surtace Smi (0 -1 Ocm)

.24
22
20

18

16
.14. :

12

10 A

% Reduction

L= B * B < B - -]

4985 ¢ qgE6 1988
Soil Profile (0 - 30cm)
24 A
22
20
18
s |
12 |
12

% Reduction

10

o M Lo - ) -

1985 1986 1988 -

Note: Dilference over time is signilicant al 90% levet of confidence.




the overa}l_soi; ptofile;f_fhetbenefits of soil tillage are
time- dépendant, even. .in.,agziculture (Carter 1988), unless
. measures are taken to enhance soil aggregate ‘structute and
stab111ty., Organic matter addltlons through root and
detritus 1nput from cover .€rops not . only promote fotmation
of stable 5011 StrUCtUtE,: but also enhance soil nutnent.
”capltal (Carr 1987a) 5011 t111age on its own is not the

long term solutlon for recovery of productimty on degraded

forest 50113.

5.2 SoiIfSHatter Profilet' _

The measures pertlhent to descrlblng the degtee of
'proflle shatter are presented in Table 1. The average
maximum depth of r1ppmg in the furrow was 53cm and the
average minimum depth between'theatines was '25cm. Based on
a 36cm desired average depth of ripping,\the,profi}e shatter
was 137%. This resnlt,‘ illustrated in Figure 5, exceeds
that reported in Andrus and Froehlich (1983) for initial
yinged suhsoiler trials in Oregon.‘ aﬁd far ekceeds the
results aehieved (26% shatter] w1th standard rippers on
similar ‘sgjl in the Pltoney Lake assessment {Carr 1985,
_unéublishe@)é'_;s 70% prof;le shattet_1s;deemed the minimum

for acceptable tillage_in:dregon (Froehlich and Miles 1984).

-12-




TABLE 1: Soil shatter description of the winged subsoiler

Tillage Depth

Maximum |
Minimum
Overall

Petcent Profile Shatter

(based.on 38cm)

Average

53 cm

25cm

'4icm-

137%

~13-~

Rande.

42-68cm

. 18-36¢m

32-51lcw




e nnraBilgure S5 Comparison- 0f: mmMH,.ﬁ.mwmw&mu....‘.muuomw“_.mm for a standard ripper (Carr
- 1985, unpublished) and the winged subsoiler on similar soil types.

o

. R 26% Protue Sharer i
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5.3 Clod Size Distribution

' The clod size distribution data presented in Table 2
parallels the d1str1but10n pattern observed at thoney
Lake. The h1gh pereentage of so&l mass in large clods (75cm
dia.) three months after tlllage 1ndlcates a strong tendency
toward reconsolldatlon. The subso1l mater1a1 exposed during
landing construction is inherently low in otganic matter
content, theiprimatj agent in the formation of stable soil
aggregatesQ withouﬁ some organic matter inpat,
reconsolidation can continue and, asris evident from_the_.
s0il density data illustrated in Figure 4, this appears to
have occurred. ’

Two options exist fot‘eountering soil reconsolidatien,
both involving soil organlc matter.(JEfforts to stockp11e
the forest floor and top i9- lsmn of soil during 1andlng
construction must be 1mptoved Th1s s0il can be respread as
the: landing rehab111tat1on guldellnes propose, benefiting
both soil phy51¢a1 structure and nutrient levels. If
stpckbiling is not féasible}hfﬁe'rapid estabiisﬁhent of a
high biomass prodaeing”edﬁef ciep (legumes and diaséeé)“is
necessary to enhance soil structure (Carr 1987a). without'
refforts to bolster soil drganic'mattet levels, the benefits

of soil tillage operations will.probably'be'shott‘lived.

-15-.




TABLE 2 Clod size distribution as a pércenfage of soil mass

. Beaver Road .

~ Landing -'.:2'; '~ " Clod Size {cm)

>5 -~ ©4.99-1.910 . 1.90-8.95.  9.94-0.46  <0.49
7 .87~_ 6 4 o2 1

“ #2968 15 9 - B 3

Pitoney Lake

Ave. 72 12 6 5 | 5

~16-




6.8 CONCLUSION

~S0il tillage with the winged subsoiler accomplished
two of the objeetives -of ,landing .renabiiitation, teducing
seil density and achieving satisfactory profile shatter.
The results from the Beaver Road ‘trial exceeded those
achleved in Oregon (Andrus and Froehlich: 1983), and were far
superlor to the results achleved thh a standatd rlpper on |
similar 5011 at’ thoney Lake. The winged subsoiler appears‘
'to be a soil tlllage 1mplement that is suitable for use on
fcompact forest soils, an opinion shared by - forestry staff at
Oregon State Un1ver51ty (Pers._comm.!-P. Adams., OSU
extension forester). -Future studies must focus on
1dent1fy1ng s0il types where the bénefits of tillage
operations are most effectlve and endurlng.

Soil tlllage is not the sole solution to recovery of
product1v1ty on compact degraded forest soils, It is an
~ important step ‘that must be augmented by some form of soil
organic matte: managemenb. Wlthout the maintenance of 5011
organic matter, the benefits of soil t1llage tend to be

short-1lived, and nutrient levels genetally remaln

exceedingly leq.

-17-
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APPENDIX

Presentation of gross soil bulk density data

before correction for coarse fragment content.
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~ Comparison of soil density over time
~ .between subsogiled and control areas on
- landings in Prince George Forest District.

 LANDING #6

~ Surface Soil (0 - 10cm).- -
20 sk

Soil Density (g'/cm3 )

AR -f'(:ot_ﬂrol
- __.;Subsoiief

N

1986

Soi Profile (0 — 30cm)
20 | |
1.8
16
1.4

1.2
1.0
0.8
0.6
0.4

Soil Density (g/cm3)

| o ."“.'Control

e -. Subsoiler

0.2

. 0.0

Note: Difference belween subsoil and control areas is sighilicant al 95% level of conlidence.



ComparnsonOf 50il densny over time
- between subsoiled and control areas on
- landings in Pri ce George Forest District.

Surface Soil (0 — 10cm)
2.0 '

1.8
16|
14 ]
1.2
1.0}
0.8

Soil Density {g/cmi3)

0.4 o -
0 i ' n Control
2

‘B subsoiter

0.0 L

2.0
| 1.8
1.6
14
1.2
1.0
0.8
0.6

Soil Density (g/cm?)

0.4

5 Control

Subsoiler

0.2 .

-+ 0.0

1985

Nole: Diflerence b_elw.e_e'n subsoil and conlrol areas is significanl al 95% leve! of confidence.



Comparison of soil dehsity'over time
between subsoiled and control areas on
landings in Prince George Forest District. | -

LANDING " # 29

Surface Soil (0 - 1'Gc-n'1)- .
2.0 o o

1.8
1.6
1.4
1.2
1.0
0.8
0.6

Soil Density (g/cm'?)

0.4
0.2
0.0

[ | Co.n'troll
% Subsoiler

~ Soil Profile (0 ~ 30cm) C
2.0 .

1.8

1.6
1.4

1.2
1.0
0.8
0.6

“Soil Density (g/cm?3)

0.4

n Control
Subsoiler

0.2

0.0 |

1985 1986

Note: Ditlerence. between subsoil and control areas fs-signiticanl al 95% tevel of conlidence. .
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' The effect of soil reconsolidation over
~ time based on percent reduction in soil
- density between control-and subsoiled areas.

ALL LANDINGS

Surface Soil (0 - 10cm)

"% Reduction

1985 1986 1988

Soil Profile (0 - 30cm)

% Reduction
2

19856 1988

- Note:.Dillerance over lime Is significant at 90% level of confidence.



